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EFFECTS  OF  A  TUNDRA  FIRE  ON  SOILS 

AND  PLANT  COMMUNITIES  ALONG  A  HILLSLOPE 

IN  THE  SEWARD  PENINSULA,  ALASKA 

Charles  Racine 


INTRODUCTION 

Although  generalizations  about  the  distur¬ 
bance  and  recovery  of  arctic  tundra  vegetation 
and  ecosystems  have  been  made  (lohnson  and 
Van  Cleve  1976,  Webber  and  Ives  1978),  it  is  ap¬ 
parent  that  the  responses  to  a  disturbance  vary 
drastically  among  different  ecosystems  and  dif¬ 
ferent  areas  This  study  describes  and  compares 
the  effects  of  fire  on  soils  and  permafrost,  and 
describes  post-fire  revegetation  patterns  of  arc¬ 
tic  tundra  communities  on  a  hillslope  in  the 
Seward  Peninsula  of  northwestern  Alaska. 

Widespread  lightning-caused  tundra  fires  in 
luly  and  August  1977  burned  over  one  million 
acres  in  northwestern  Alaska  (Fig.  1).  Studies  to 
determine  the  effects  of  these  fires  on  vegeta¬ 
tion,  soils  and  permafrost  were  initiated  one  year 
later  in  July  1978  at  Imuruk  Lake  in  the  Seward 
Peninsula  (Racine  and  Racine  1979,  Racine 
1979).  Permanent  plots  were  established  and 
sampled  during  the  summers  of  1978  and  1979 
This  report  describes  the  results  of  monitoring 
post-fire  changes  in  thaw  depths  and  plant  spe¬ 
cies  composition  and  cover  in  the  Seward  Penin¬ 
sula  during  the  1978  and  1979  growing  seasons 
A  similar  study  of  tundra  fire  effects  by  Hail  et 
al  (1978)  was  initiated  immediately  following 
the  fire  in  August  1977  at  the  Kokolik  River 
(69°30'N,  161  °50'W)  near  the  boundary  of  the 
Arctic  Coastal  Plain  and  the  Northern  Foothills 
(Fig  1) 


STUDY  AREA 

The  Imuruk  Lake  area  is  located  in  the  central 
Seward  Peninsula  (65°35'N,  165°10'W,  Fig  1) 
The  rolling,  unglaciated  landscape  here  supports 
low  arctic  tundra  ecosystems  dominated  by 


sedge  tussock-shrub  tundra  communities  The 
only  long-term  climatic  data  available  for  this 
area  come  from  stations  at  Nome  and  Kotzebue, 
which  have  maritime  conditions  in  contrast  to 
the  more  continental  climate  in  the  Seward  in¬ 
terior  around  Imuruk  Lake  Hopkins  and  Siga- 
foos  (1951)  characterize  the  climate  around  Imu¬ 
ruk  Lake  as  rigorous  and  continental,  with  a 
mean  annual  temperature  of  -6  7°C  and  a  mean 
annual  precipitation  of  around  21  cm,  of  which 
approximately  25%  falls  as  snow  More  than 
50%  of  the  annual  precipitation  occurs  during  a 
well-defined  rainy  season  extending  from  July 
through  September  Subfreezing  temperatures 
predominate  from  early  October  to  mid-May 
The  July  mean  temperature  is  near  10°C,  how¬ 
ever,  nocturnal  frosts  are  common  during  all  of 
the  summer  months  The  treeline  approaches  to 
within  25  km  of  Imuruk  Lake 

The  most  intensive  studies  were  carried  out  at 
nine  sites  along  a  topographic  transect,  running 
from  the  bottom  (320  m)  to  the  crest  (440  m)  of 
Nimrod  Hill,  which  borders  the  east  side  of  Im¬ 
uruk  Lake  (Fig.  2  and  3).  This  area  was  chosen  be¬ 
cause  of  pre-fire  studies  of  soils  and  vegetation 
carried  out  along  this  same  transect  in  1973  by 
Holowaychuk  and  Smeck  (1979)  and  Racine  and 
Anderson  (1979).  These  studies  provided  a  pre¬ 
fire  control  as  well  as  a  basis  for  evaluating  the 
effects  of  the  1 977  tundra  fire. 

Nimrod  Hill  (Fig  2)  is  located  within  the  lava 
plateau  physiographic  region  of  the  Seward  Pen¬ 
insula  (Hopkins  1963)  The  most  conspicuous 
relief  features  here  are  isolated  hills  with  broad, 
dome-shaped  summits  and  smooth  slopes  which 
are  rarely  steeper  than  18%  The  transect  begins 
on  a  Pleistocene  terrace  adjoining  Imuruk  Lake 
and  extends  northeast  up  the  southwest  side- 
slope  and  over  the  crest  onto  the  northeast- 
faring  side  of  Nimrod  Hill  (Fig  3)  The  bedrock 
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Figure  I .  Map  ol  the  Sew  an!  Peninsula.  Alaska,  showing  si/e  and  location  of 
1977  tundra  iires. 


I  igure  2  Postiirc  I  ltd  y  I97HI  aerial  oblique  1 1  rw  of  \tmrnd  I  till  slope  where  nine  permanent  plot  stud\ 
sill's  were  established  along  a  topographu  transet  t  1 eight  sites  m.irkt'di  Sands  shore  of  Imimik  lake  is 
sisihle  m  the  lower  foreground 
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Figure  3.  Scaled  topographic  profile  of  Nimrod  Hill  near 
the  east  shore  of  Imuruk  Lake.  Location  of  nine  study  sites 
shown  together  with  topography,  slope,  drainage,  soil 
types  (HPCq  =  Histic  Pergelic  Cryaquept;  PCq  =  Pergelic 
Cryaquept ;  PCf  =  Pergelic  Cryofibrist),  frost  features 
(c.p.  =  centered  polygons)  and  plant  community  type 
(B  +  E  =  Birch  and  ericaceous).  Elevations  range  from  335 
m  11100  ft)  at  site  I  up  to  457  m  (1500  ft). 


of  Nimrod  Hill  was  shown  by  Hopkins  (1963)  to 
be  quartz  monzonite  which  was  not  buried 
under  the  plateau  lavas.  As  depicted  in  Figure  3, 
the  transect  profile  is  sigmoid  in  form,  starting 
with  a  gentle  gradient  (1-9%)  on  the  footslope, 
then  increasing  in  steepness  on  the  convex  back- 
slope  (12-15%)  and  rising  to  the  broad,  level 
crest  The  flexure  in  slope  curvature  near  site  5 
appears  to  coincide  with  a  fault,  identified  by 
Hopkins  (1963),  a  short  distance  to  the  north 

Shallow,  weakly  expressed,  more  or  less  paral¬ 
lel  drainageways  occur  at  intervals  of  about  100 
to  150  m  along  the  entire  southwest-facing 
slopes  of  Nimrod  Hill  (Fig  2)  Low  (1  -2  m)  willow 
shrub  thickets  occupy  these  drainageways.  The 
intervening  interfluves  are  slightly  convex,  with 
the  sideslopes  having  a  gradient  of  only  a  few 
percent  The  transect  is  located  approximately 
along  the  axial  crest  of  one  of  these  interfluves. 

Soil  moisture  environments  along  the  transect 
range  from  moderately  well-drained  on  the 
southwest  backslope  (sites  6  and  7)  to  very  poor¬ 
ly  drained  on  the  level  crest  (site  8)  of  Nimrod 
Fhll  (Fig  3)  The  footslope  between  sites  1  and  5 
and  the  northeast-facing  backslope  are  poorly 
drained  At  all  sites  along  the  transect,  the  soil 
moisture  environment  is  well  expressed  by  the 


color  of  the  mineral  soil;  a  gray,  gley-soil  pre¬ 
dominates  on  poorly  drained  sites  with  a  yellow¬ 
ish  mottling  increasing  in  extent  with  improved 
drainage  above  site  5,  up  to  the  level  crest  (Holo- 
waychuk  and  Smeck  1979).  The  texture  of  the 
soil  mineral  fraction  also  changes  along  the  tran¬ 
sect  from  a  coarse  loam  on  the  backslope  to  a 
silt  clay  loam  on  the  colluvial  footslope  Soil  tax¬ 
onomic  units  along  the  transect  correspond  with 
the  soil  moisture  environments  (Fig  3):  Histic 
Pergelic  Cryaquepts  on  the  poorly  drained  foot¬ 
slope,  Pergelic  Cryaquepts  on  the  moderately 
well  drained  backslope,  and  Pergelic  Cryofibrists 
on  the  very  poorly  drained  level  upland 

A  variety  of  cryogenetic  features  are  evident 
along  the  transect  (Fig  2  and  3).  Along  the  nearly 
level  crest  of  Nimrod  Hill,  these  features  consist 
of  low-centered  polygons,  10  to  15  m  across.  On 
the  upper  portion  of  the  backslope,  elongate, 
turf-banked,  nonsorted  frost  boils  are  common 
In  the  vicinity  of  site  7  these  longitudinal  fea¬ 
tures  are  up  to  3  m  in  diameter  and  occupy  40% 
of  the  area  (Fig  11)  Although  of  considerable  ex¬ 
tent,  these  frost  boils  were  not  very  active  as  of 
1973,  since  patches  of  lichens  and  other  vegeta¬ 
tion  covered  most  of  the  surface  On  the  foot¬ 
slope,  between  sites  5  and  1,  equidimensional 
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METHODS 


mui)  t  irt  les  and  some  weakly  expressed, 
benched  solilluction  forms  represent  the  main 
c  ryogenetu  teatures  These  mud  c  irc  les  are 
usually  less  than  I  m  in  diameter,  few  in  number 
and  c  over  less  than  i%  of  the  area  In  197  i,  their 
surfaces  were  covered  with  a  thin  mat  of  fine 
moss  Along  with  these  mud  circles,  high- 
centered  polygons  occupy  the  level  base  of  the 
footslope  and  terrace  at  site  1  (Fig  2) 

Corresponding  with  the  above-described 
changes  in  topography,  soil  moisture  environ¬ 
ments,  soil  types  and  cryogenetic  features  are 
changes  in  the  plant  communities  along  Nimrod 
Hill  (Fig  3)  These  were  quantitatively  sampled 
and  described  before  the  fire  in  1973  and  are  the 
basis  for  the  following  descriptions;  more  de¬ 
tailed  information  on  pre-fire  communities  are 
provided  in  the  Results  section  (cf  Fig  4).  No¬ 
menclature  for  plant  community  names  follows 
Viereck  and  Dyrness  (1980). 

The  footslope  from  site  1  to  site  5  is  occupied 
y  sedge  tussock-shrub  tundra  dominated  by  cot- 
tongrass  tussocks  [Eriophorum  vaginatum);  dwarf 
shrubs  such  as  Labrador  tea  ( Ledum  palustre), 
dwarf  birch  ( Betula  nana),  cloudberry  ( Rubus 
chamaemorus),  lingonberry  ( Vaccinium  vitis- 
idaea),  blueberry  (V.  uliginosum )  and  crowberry 
( Empetrum  nigrum);  the  mosses  Sphagnum  spp., 
Dicranum  elongatum,  Hypnum  pratense  and 
Aulocomium  palustre ;  and  lichen  species, 
Cladonia  gracilis,  C.  rangiferina,  Cetraria  cucul- 
lata,  C.islandica  and  Peltigera  aphthosa. 

Above  this  sedge  tussock-shrub  community  is 
a  birch  and  ericaceous  shrub  tundra  community 
on  the  better-drained  backslope  (sites  6  and  7). 
This  community  is  composed  of  the  same  dwarf 
shrub  species  as  found  in  the  tussock-shrub 
community  (with  the  exception  of  cloudberry). 
Carex  bigelowii  replaces  cottongrass  tussocks 
here  and  lichens  are  more  important  than 
mosses.  The  composition  of  this  community 
changes  slightly  on  the  tops  of  the  elongate  frost 
boils. 

On  the  level  crest  of  Nimrod  Hill  (site  8)  a 
sedge-shrub  tundra  community  includes  sedges 
of  the  species  Carex  aquatilis  and  Eriophorum 
scheuchzeri,  as  well  as  cloudberry,  dwarf  birch, 
Labrador  tea,  and  lingonberry;  Sphagnum  moss 
is  more  important  here  than  in  the  other  com¬ 
munities  along  the  slope  On  the  northeast¬ 
facing  backslope  of  Nimrod  Hill  (site  9),  just 
below  the  crest,  there  is  a  sedge-shrub  tundra 
community  similar  to  that  on  the  crest  except 
that  sedges  are  less  abundant  and  moss  cover 
more  conspicuous  All  of  the  above  ecosystems 
burned  during  the  1977  tundra  fire 


To  study  the  effects  of  tundra  fire  on  a  range 
of  ecosystems,  a  series  of  permanent  plots  was 
established  at  each  of  the  nine  sites  along  the 
Nimrod  Hill  transect  in  luly  1978  (Fig  3)  The 
transect  and  sites  were  located  as  close  as  pos 
sible  to  their  1973  positions  for  comparative  pur¬ 
poses  At  each  of  the  nine  slope  positions,  two 
stakes  were  placed  10  m  apart,  perpendicular  to 
the  contours,  and  a  meter  tape  stretched  be¬ 
tween  them  Then  10  sample  plots,  with  dimen¬ 
sions  of  1  m  x  1  m,  were  positioned  between  the 
stakes  using  the  tape  as  one  side  In  each  of  the 
90  sample  plots  on  14-17  July  1978  and  25-29 
July  1979,  all  living  plant  species  were  recorded, 
an  estimate  of  percent  cover  made,  and  the 
number  of  leafy  live  shoots  or  stems  counted  for 
each  species.  Thaw  depths  were  determined  by 
probing  the  center  of  each  1-m  x  1-m  plot  while 
soil  pits  were  dug  nearby  to  determine  the  thick¬ 
ness  of  the  organic  horizon  A  comparison  of  the 
organic  layer  thickness  before  (1973)  and  after 
the  fire  was  used  to  evaluate  the  severity  of 
burning  using  the  following  rating  system  devel¬ 
oped  by  Viereck  et  al.  (1979): 

1  Heavily  burned  — soil  organic  mate¬ 
rial  completely  or  nearly  consumed  to 
mineral  soil,  no  discernible  plant  parts 
remaining. 

2.  Moderately  burned  — organic  layer 
partially  consumed,  parts  of  woody 
twigs  remaining 

3  Lightly  burned  — plants  charred  but 
original  form  of  mosses  and  twigs  vis¬ 
ible. 

4  Scorched  — moss  or  other  plants 
brown  or  yellow  but  species  usually 
identifiable. 

5.  Unburned  — plant  parts  green  and 
unchanged 

The  patterns  of  recovery  observed  at  Imuruk 
Lake  were  compared  with  other  observations 
and  permanent  plots  established  near  Utica 
Creek  on  the  same  1977  burn,  on  a  different  burn 
near  the  Arctic  River,  and  on  an  older  1971  tun¬ 
dra  fire  site  about  100  km  north  of  Nome  (Fig  1) 
For  each  site,  thaw  depths,  cover,  and  density 
values  for  each  species  in  the  10  sample  plots 
were  averaged  Where  plots  were  on  frost  fea¬ 
tures,  such  as  mud  circles  or  frost  boils,  values 
for  these  plots  were  computed  separately  Stand¬ 
ard  deviations  were  also  obtained  for  the  mean 
values  Paired  t-tests  (Ostle  1963),  comparing 
1978  and  1979  values  for  each  plot,  were  used  to 
determine  significant  changes  in  species  cover, 
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SEDGE- SHRUB  TUNDRA  (SITE  8) 

1973  1978  1979 


1973  1978  1979 


TUSSOCK-SHRUB  TUNDRA  (SITES  2,3  4  5) 
1973  1978  1979 


figure  4.  Contributions  of  different  plants  to  total  ground  cover  Iwhole  circle  = 
100%)  before  the  tundra  tire  on  Nimrod  Hill  in  luly  197 i /left  side),  one  year  after  the 
fire  in  luly  1978  [center ).  and  two  years  after  the  fire  in  luly  1979  (right  side).  Shown 
for  three  communities  at  the  top  la),  middle  (bl  and  bottom  Icl  of  Nimrod  Hill.  IB  = 
Bryophyte.  C  =  Craminoid,  DS  =  Dwarf  shrub,  M  =  Mineral  soil.) 


density  and  thaw  depths  Since  cover  values  for 
all  species  were  very  low  following  the  fire, 
shoot  density  values  were  generally  considered 
more  sensitive  indicators  of  change 


RESULTS 

Sedge  tussock-shrub  tundra 
(sites  1,  2,  3,  4,  5) 

Soils 

On  the  footslope  of  Nimrod  Hill,  the  poorly 
drained  soils  on  a  slope  of  2  to  9%  included  a 


pre-fire  organic  horizon,  25-30  cm  thick  (27  9  ± 
5.3  cm;  n  =  18),  overlying  frozen  colluvial  miner¬ 
al  silt  clay  loam  The  measurement  of  organic 
horizon  thickness  in  1978,  one  year  after  the  fire 
in  the  tussock-shrub  tundra,  suggested  removal 
of  only  5  cm  or  less  of  this  organic  horizon  and  a 
light  severity  of  burning  Mud  circles  0  5  to  2  m 
in  diameter  are  common  and  in  1973  were  usual¬ 
ly  occupied  by  groups  of  vigorous  cottongrass 
tussocks  with  a  thin  moss  cover  over  the 
intertussock  mineral  soil  This  moss  mat  was 
completely  removed  by  the  1977  fire 

Mid  luly  thaw  depths  in  tussock-shrub  tundra 
did  not  appear  to  be  significantly  greater  one 
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year  after  the  fire  (28.5  cm)  than  before  the  fire 
(27  6  cm)  at  site  2  (Table  1)  However,  from  1978 
to  1979  thaw  depths  increased  significantly  at  all 
five  tussock-shrub  tundra  sites  by  10-45%  in 
non-mud-circle  areas,  and  by  12-20%  on  mud 
circles  (Table  1)  There  is  evidence  obtained  by 
Schmitt  (1979)  to  further  support  the  idea  that 
this  increase  in  thaw  depths  is  due  to  fire  effects 
rather  than  to  yearly  climatic  fluctuations  This 
evidence  includes  1)  measurements  of  thaw 
depth  in  an  area  of  unburned  tussock-shrub  tun¬ 
dra  near  Nimrod  Hill  in  July  1979  (28  9  ±  7  6  cm) 
which  were  significantly  less  than  on  the  nearby 
burned  tussock-shrub  tundra  (35  8-49.0  cm, 
Table  1),  2)  a  bulldozed  firebreak  which  had 
been  cut  through  tussock-shrub  tundra  during 
the  1977  fire  north  of  Imuruk  Lake,  where  thaw 
depths  were  40%  deeper  on  the  burned  side 
(53.3  ±5  8  cm)  than  on  the  unburned  side  (38  0 
±  5.8  cm),  (In  the  bulldozed  fireline,  thaw  depths 
in  July  1979  were  46  3  ±5.6  cm  )  In  mid-|uly  of 
both  1978  and  1979,  the  upper  mineral  soil  hori¬ 
zons  thawed  at  most  tussock-shrub  tundra  sites 
sampled  This  condition  was  rare  or  unknown  in 
1973  (Holowaychuk  and  Smeck  1979)  and  is  at¬ 
tributed  to  the  cumulative  effects  of  burning, 
such  as  the  reduction  in  the  thickness  of  the 
organic  mat 

Vegetation 

Living  plant  cover  was  drastically  reduced  by 
the  1977  fire,  however,  small  patches  of  unburned 
or  scorched  vegetation  were  common,  particu¬ 
larly  on  the  lower  slope  at  sites  1,  2  and  i  (Table 
2)  One  year  later,  in  July  1978,  about  a  23%  liv¬ 
ing  plant  cover  was  reestablished  in  this  com¬ 
munity  (Table  2,  Fig  4)  This  rapid  recovery  is 
mainly  due  to  the  resprouting  of  cottongrass  tus¬ 
socks  within  one  year  following  the  fire  (Fig  4,  5 
and  7)  Dwarf  shrubs  were  slower  to  resprout, 
reaching  cover  values  of  only  3  to  7%  in  1978 
(Fig  4)  Colonization  of  the  intertussock  spaces 
by  bryophytes  and  graminoid  seedlings  also  con¬ 
tributed  small  amounts  of  living  plant  cover  to 
the  first  year  recovery  (Fig  4). 

Between  the  first  and  second  years  following 
the  fire,  total  plant  cover  increased  slightly  by  8 
to  10%  at  three  of  the  five  tussock-shrub  tundra 
sites  (Table  2,  Fig  4,  6  and  8)  This  increase  was 
mainly  due  to  additional  resproutmg  of  dwarf 
shrubs  rather  than  cottongrass  tussocks  (Fig  4) 
During  the  second  year  there  was  also  a  small  in 
crease  in  brvophyte  cover  while  sedge  seedlings 
remained  abundant  No  lichen  recovery  was  oh 
served  at  any  tussock -shrub  tundra  site  al¬ 
though  small  unburned  patc  hes  were  common 
at  site  1 


Post-fire  contributions  to  cover  and  shoot  den¬ 
sity  varied  among  several  species  which  gener¬ 
ally  were  important  in  the  tussock-shrub  com¬ 
munity  before  the  fire  (Fable  3)  and  colonizers 
not  seen  at  these  sites  before  the  fire  I  hese  c  ol 
onizers  included  bluejoint  grass  [Calamagrostis 
canadensis),  fireweed  (Ipitobium  angustitohum\, 
and  the  bryophytes,  Marchantia  polymorpha, 
Ceratodon  purpureu s  and  Polytrichum  luniper- 
inum  However,  none  of  these  c  olomzers  reac  hed 
high  cover  values  during  the  first  or  second  years 
following  the  fire  Of  the  graminoid  species,  cot¬ 
tongrass  tussocks  were  clearly  the1  most  vigorous 
resprouter  Resprouting  shoots  of  Cares 
bige/owii  and/or  C.  aquafi/is  were  always  present 
but  scattered  Bluejoint  grass  formed  small,  lo¬ 
calized  colonies  and  made  significant  increases 
in  density  from  1978  to  1979  at  site  i  liable  3) 
Seedlings  of  both  Cares  bigelcnsii  snd  I  rio- 
phorum  vagmatum  were  fairly  abundant  in  inter¬ 
tussock  spaces  during  both  1978  and  1979,  how¬ 
ever,  two-year-old  tillering  seedlings  of  these 
species  were  found  only  occasional!;  in  1979, 
suggesting  low  seedling  survival  from  the  first  to 
the  second  year  following  the  fire 

Of  the  resprouting  dwarf  shrubs  in  T  able  3,  the 
species  which  showed  the  greatest  increase  in 
cover  and.'or  density  during  the  first  two  years 
following  the  fire  were,  in  order  of  importance 
cloudberry,  Labrador  tea,  lingonberrv,  blue¬ 
berry,  dwarf  birch,  willow  and  crow  berry  (Fable 
3).  Cloudberry  shoot  density  increased  by  an 
average  of  34  shoots/m'  (200%)  between  1978 
and  1979  at  four  of  the  five  tussock-shrub  tun¬ 
dra  sites  Labrador  tea  shoot  densitv  also  in¬ 
creased  significantly  at  four  out  of  five  sites  by 
an  average  of  49  shoots  m2  (65%)  Lingonberrv 
shoot  density  increased  significantly  at  two  out 
of  four  sites  from  43  shoots  mJ  to  126  shoots  tu¬ 
rn  1979  at  site  2  and  from  26  shoots  nv  to  43 
shoots/nr’  at  site  3  Significant  increases  in  blue¬ 
berry  shoot  density  occurred  only  at  the  two 
better-drained  tussock-shrub  tundra  sites  4  and 
5 

Resprouting  dwarf  birch  occurred  sporadi¬ 
cally,  usually  at  a  frequency  of  less  than  50% 
However,  during  1979  dwarf  birc  h  resprouts  ap¬ 
peared  in  plots  where  they  were  not  present  in 
1978,  unlike  the-  other  dwarf  shrub  species  whic  h 
had  appeared  in  most  plots  during  the  first  year 
following  the  fire  Crow-berry  did  not  appear  in 
any  plot  following  the  fire-,  although  it  was  com¬ 
mon  in  the  pre-fire  tussoc  k  -shrub  tundra  in  197  3 

1  he  most  striking  visual  change  in  tussock- 
shrub  communities  between  1978  and  1979  was 
the-  increased  density  of  fruiting  stalks  of  cotton- 
grass  tussocks  (Table  4,  f  ig  6  and  8)  In  1978.  cot 
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Table  !.  Mean  thaw  depths  (cm)  in  frost-scarred  (mud  circles,  frost  boils)  and  non-frost 
scarred  plots  established  at  nine  sites  (three  communities)  along  the  topographic  gradient 
of  Nimrod  Hill  before  and  after  a  1977  tundra  fire. 


/haw  depth*  hurt  jsc  in  thaw  depth 

~£rrc’i~ri  '<1  T\ rVtTci~{  1  d7vo~rr , utTcTQ^T^TJ  lyYTT's " ’ '/Vas7 -V  "  fn  : i  '•> 

Site  Mean  Std.dei.  Mean  Sid.  dew  Mean  Std.  dec.  (cm)  t  % )  am)  -•  • , 


Sedge  Tussock-Shrub  Tundra 

Site  1 


Non-mud  ciule 

ND 

29.5 

h.7 

(8.2 

8.6 

NO 

+  8.7 

29 

,NU 

Mud  circle 

Site  2 

M) 

57.5 

3.5 

69.0 

1.4 

NO 

+  11.5 

20 

NO 

Non-mud  circle 

::.ii 

5.6 

28.5 

4.7 

41.2 

5.8 

+0.9 

3 

+ 1  2.7 

45 

+  1  i.e>  49 

Mud  circle 

Site  3 

44.:. 

45 .0 

fi.i 

50.5 

6.4 

+0.5 

1 

+5.5 

12 

+  6.0  13 

Non-mud  circle 

Nl) 

27.2 

3.8 

35.8 

3.8 

ND 

+  8.6 

32 

ND 

Mud  circle 

Site  4 

NO 

44.4 

6.3 

52.8 

4.5 

ND 

+8.4 

19 

ND 

Non-mud  circle 
Site  5 

NO 

32.4 

6.1 

44.8 

5.5 

NO 

+  12.4 

38 

ND 

Non-mud  circle 

NO 

37.7 

4.0 

49.0 

4.5 

NO 

+  1  1.3 

30 

ND 

Birch  and  Ericaceous  Shrub  Tundra 

Site  6 

Non -frost  boil 

24.6 

5.7 

53.8 

4.5 

68.0 

9.8 

+29.2 

119 

+  14.2 

26 

+  43.4  81 

f  tost  boil 

Site  7 

43.2 

9.9 

65.0 

Rock 

+21.8 

50 

Rock 

Rock 

Non-frost  boil 

ND 

60.0 

Rock 

+35.4 

114 

Rock 

Rock 

Frost  boil 

NO 

Rock 

Rock 

Rock 

Rock 

Rock 

Sedge-Shrub  Tundra 

Site  8 

Non-trost  scar 

Site  9 

23.5 

2.9 

31.1 

2.9 

42.6 

1.9 

+  7.6 

32 

+  1  1.5 

37 

+  19.1  81 

Non-lrost  scar 

21.9 

3.7 

25.9 

2.9 

37.5 

4.6 

+4.0 

18 

+  11.6 

45 

+15.6  71 

‘for  one  to  ten  I  -mX  1  -m  plots  at  each  site. 

ND  ~  No  determination. 

tongrass  fruiting  stalk  density  was  about  i-b/m', 
but  one  year  later  in  the  same  plots,  densities 
had  increased  by  ten  times  to  20-60/01'. 

Birch  and  ericaceous  shrub  tundra  (sites  6  and  7) 

Soils 

In  1971,  the  steeper,  moderately  well-drained 
backslope  of  Nimrod  Hill  was  occupied  bv  a 
birch  and  ericaceous  shrub  tundra  community 
with  well-vegetated,  elongate,  turf-banked  frost 
boils  1  m  to  2  m  in  diameter  (cf  f  ig  1 1 1  Organic 
horizons  were  thin  (0-S  cm)  over  these  frost 
boils,  but  thicker  (18-20  cm)  in  the  surrounding 
unsc  arred  area  One  year  after  the  1977  fire,  it 
was  apparent  that  the  fire  had  removed  all  of  the 
vegetation  and  soil  organic  matter  from  these 
frost  boils  (f  ig  11)  In  the  surrounding  hire  h  and 
eric  ac  eons  shrub  tundra,  all  of  the  aboveground 
vegetation  and  about  S0%  of  the  organics  had 
burned,  leaving  an  8-  to  10-cm  organic  horizon 


Hence,  the  severity  of  burning  was  heavy  on  the 
frost  boils  and  moderate  to  heavy  in  the  sur¬ 
rounding  area  Because  of  the  absence  of  re- 
sprouting  tussoc  ks,  the  exposed  mineral  soil  sur¬ 
face  on  the  frost  boils  (occupying  up  to  40%  of 
the  area),  and  the  blackened  c  harred  organic 
mat.  this  backslope  area  appeared  to  be  the 
most  severely  burned  part  of  the  transect  in  1978 
(fig  2) 

Pre-tire  thaw  depths  in  mid-luly  197.1  on  the 
backslope  were  about  24  6  ±  1  7  cm  in  the  non¬ 
frost-boil  areas  and  43  2  ±  113  cm  on  the  elon¬ 
gate.  turf-banked  frost  boils  (Table  1)  In  lulv 
1978,  thaw  depths  had  increased  by  about  121% 
(to  S4  8  ±  731  cm)  in  the  non-frost-boil  areas  and 
by  50%  (to  65  cm)  in  the  exposed  frost  boils, 
however,  rock  was  encountered  before1  thavs 
depth  measurements  could  be  made  in  many 
plots.  By  July  1979,  it  was  almost  impossible  to 
obtain  thaw  depth  measurements  because  of 
rock  In  addition,  there  was  apparent  subsidence1 
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Table  2.  Cover  values*  for  plant  growth  forms  at  eight  sample  sites  along  the 
topographic  gradient  of  Nimrod  Hill  in  the  Seward  Peninsula,  Alaska,  before 
and  after  a  1977  tundra  fire  on  this  slope. 


I'rel ire  (1973)  I  vr  alter  t  IV 7 X)  2  \rs  alter  (1979)  Din.  between  I97K 


Plant 

growth  form 


Site  2 
Graminoid 
Dwarf  shrub 
Bryophy  te 
Lichen 
Total 
Site  3 
Graminoid 
Dwarf  shiub 
Bryophy  te 
Lichen 
Total 
Site  4 
Graminoid 
Dwart  shrub 
Bryophyte 
Lichen 
Total 
Site  5 
Graminoid 
Dwarf  shrub 
Bryophyte 
Lichen 
Total 


Site  6 
Graminoid 
Dwarf  shrub 
Bryophyte 
Lichen 
Total 
Site  7 
Graminoid 
Dwarf  shrub 
Bryophyte 
Lichen 
Total 


Site  8 
Graminoid 
Dwarf  shrub 
Bryophyte 
Lichen 
Total 
Site  9 
Graminoid 
Dwarf  shrub 
Bryophyte 
Lichen 
Total 


(Viler  tlstd. 
(%)  </<■!'. 

(.7  or/ 

(ri 

i  /  std. 
dev. 

('.over  * 

/  Std. 
Jt’V. 

t it  id  /9,'9  avt'i 
c  over  i  aloe 

Sedge  Tussock -Shrub  Tundra 

43.2  17.7 

18.7 

8.0 

21.5 

10.8 

2.8 

39.4  20.9 

3.3 

1.3 

9.3 

3.3 

6. O'"01 

2.8  4.7 

1.0 

0.2 

2.7 

1.7 

1.7-"' 

5.5  4.1 

0.0 

0.0 

0.0 

90.9 

23.3 

32.2 

8.9"' 

ND 

21.1 

17.7 

21.4 

20.5 

0.3 

ND 

5.7 

3.3 

6.2 

3.4 

0.5 

ND 

1.0 

0.5 

2.5 

1.4 

1 .5  •*" 

ND 

0.0 

0.0 

0.0 

ND 

27.8 

30.1 

2.3 

ND 

'.7 

6.0 

10.1 

6.9 

4.8 

ND 

/  .0 

3.2 

11 .4 

2.5 

4.4-'” 

ND 

1.8 

2.6 

5.2 

5.8 

3.4'"' 

ND 

0.0 

0.0 

0.0 

ND 

18.5 

26.7 

8.2-‘" 

ND 

15.6 

9.5 

20.4 

10.2 

4.8 '"al 

ND 

4.0 

2.7 

8.3 

3.4 

4.3'1" 

ND 

0.1 

0.6 

0.5 

ND 

0.0 

0.0 

0.0 

ND 

19.6 

28.7 

9. 1'"1 

Birch  and  Ericaceous  Shrub  Tundra 

10.0 

l.l 

3.7 

4.6 

0.3 

3.5'"' 

43.0 

0.0 

0.0 

0.0 

3.0 

12.2 

25.5 

51.7 

8.5 

39.5'"' 

14.0 

0.0 

0.0 

0.0 

70.0 

13.4 

56.7 

4  3.3*"' 

ND 

4.0 

6.0 

14,2 

19.6 

10. 2-'” 

ND 

0.0 

0.6 

0.6 

ND 

6.8 

5.2 

38.1 

28.9 

31. 3'"' 

ND 

0.0 

0.0 

0.0 

ND 

12.1 

54.9 

42.8'"‘ 

Sedge-Shrub  Tundra 

30.0  11.5 

4.6 

2.1 

22.3 

10.4 

17  7  • 01,1 

17.2  10.1 

2.0 

3.5 

5.0 

1.4 

3.0-"5 

24.6  21.3 

2.1 

3.8 

5.9 

1.6 

3.8'"' 

12.6  9.9 

0,0 

0.0 

0.0 

84.4 

8.7 

33.2 

24.5  •om 

13.2  11.8 

1.0 

1.5 

0.5 

56.7  8.0 

3.4 

8.0 

14.8 

3.1 

1  I.4-'" 

14.1  10.3 

0.0 

2.6 

2.3 

2.6*,H 

7.5  8.9 

0.0 

0.0 

0.0 

91.5 

4.4 

18.9 

14.5 

♦At  each  site  cover  was  estimated  in  ten  l*mX  1-m  permanent  plots. 

1 1  statistic  for  paired  t  test  comparing  1978  and  1979  cover  values  with  level  ot  significance 
indicated. 

ND  =  No  determination. 


Table  3.  Values  for  selected  species  sampled  at  four  sedge  tussock -shrub  tundra  sites 

on  the  footslope  of  Nimrod  Hill  in  the  Seward 

Peninsula. 

/  regucncy  * 

Cover  (%) 

Density  (s hootsjnr  ) 

Seedlings  f  ■ 

/  il/crs 

1 1 

/  9  ;  y 

19  ?R 

1 9  79 

Pitt.  * 

/  971 

197R 

1979 

Dill.  19  71 

19  7S  1979 

Pitt. 

1 9  71 

1 9  7S 

19  79  Din. 

1 971  19  7S 

19: 

’9  pitt. 

Site  2*** 

Du  art  shtubs 

i'.uhus  t  hamjcmoru \ 

4 

10 

10 

0 

0.9 

1.6 

4.1 

2.6  Nil 

50  163 

1  1  3-'" 

1  edum  pa/usfre 

10 

10 

10 

0 

9.3 

1.2 

3.4 

2.2"1  Nl) 

59  90 

3  I 

l  ;/<  t  iniurn  ulii p  nosum 

IU 

1 

1 

0 

9.8 

0.1 

0.1 

0  Nt) 

2  2 

0 

\  di  i  miunt  i  it  is- Ida  ea 

10 

10 

10 

0 

6.9 

0.8 

1.3 

0.6"1  ND 

43  126 

83"' 

Hi  tuUi  nana 

9 

3 

s 

T 

6.3 

0.1 

0.1 

0  NO 

1  2 

1 

(if  am  inoids 

/  /  inphorum  vagina  turn  *  * 

10 

10 

10 

0 

34 

17 

20 

3  Nl) 

4.5  5.2 

0.7 

ND 

54 

57  3 

Nl)  0 

0 

0 

(  art  \  higetowii 

9 

9 

10 

1 

9.2 

O.fa 

1.0 

0.4  NO 

13  18 

5 

Nl) 

2 

4  2 

ND  0 

0 

0 

(  aiamjgrostis  tan  ad  crisis 

0 

5 

5 

0 

0 

0.3 

0.7 

0.4  NO 

6  15 

9 

Site  3 

Dwarl  shrubs 

Rubus  chamaemorus 

9 

9 

0 

1.6 

2.5 

0.9 

16  68 

52'nl 

l  edum  pain 'iti  c 

10 

10 

0 

2.8 

2.8 

0 

41  56 

15 

lai  c  in  it/m  ufiginostim 

6 

7 

1 

0.5 

0.5 

0 

4  13 

9 

l  di  i  in  in m  vitis-idaca 

10 

10 

0 

0.5 

0.5 

0 

25  43 

I8-'" 

Hr tu la  nano 

4 

4 

0 

0.2 

0.3 

0.1 

2  3 

1 

Graminoids 

l  riophorum  i  agination  ** 

10 

10 

0 

19 

2‘j 

1 

4.2  4.8 

0.6 

22 

32  10 

0 

23 

2  V" 

Care  \  bigelowii 

7 

7 

0 

0.5 

0.5 

0 

7  11 

4 

() 

2  -4 

0 

0 

0 

Calamaaro  s  t  i s  c  anaden  s/'s 

7 

9 

2 

0.4 

0.8 

0.4 

0.4  18 

1 1 

Site  4 

Dwarl  shrubs 

Ruhus  ihamaemorus 

10 

10 

0 

4.8 

7.9 

3. 1 

51  162 

1  1  !•'" 

1  edum  pulustre 

10 

10 

0 

0.6 

1.3 

0.1-'" 

20  24 

4 

Vut  i  in iu rn  uliginosum 

10 

10 

0 

0.5 

1.1 

0.6'°' 

16  24 

8-"' 

Vacunitini  vitis-idaca 

10 

10 

0 

0.5 

0.5 

0 

12  16 

4 

Rctu/a  nana 

4 

6 

2 

0.2 

0.2 

0 

1  2 

i 

Graminoids 

{  riophorum  va< linaftitn  ** 

10 

10 

0 

8 

8 

0 

3.2  3.5 

0.3 

60 

35  -25 

0 

14 

I4-'” 

Carr\  higefo  w  ii 

4 

4 

0 

0.3 

0.6 

0.3 

.3  5 

2 

28 

71  45 

0 

4  1 

41 

Ca/amagrostis  i  anaden  sis 

0 

0 

0 

0 

0 

0 

0  0 

0 

Site  5 

Dwarf  shrubs 

Ruhus  <  hamaemorus 

10 

10 

0 

1.7 

3.9 

2.2"” 

23  48 

25-'" 

1  rdutn  pa  fust  re 

8 

10 

2 

0.5 

I.I 

0.6 

10  21 

1  1 

Vai  cinittrn  uliginosum 

10 

10 

0 

0.5 

1.2 

0.7"” 

8  23 

16-'" 

Van  in  ium  vitis-  idai  'd 

9 

9 

0 

0.5 

0.5 

0 

14  23 

9 

Hr  tu  fa  nana 

5 

5 

1 

0.2 

0.2 

0 

1  2 

1 

Graminoids 

/  riophorum  i aginatum*  * 

10 

10 

0 

14 

19 

5 

4.0  4.4 

0.4 

15 

18  3 

0 

17 

1  7*'" 

Carr\  higvlnwii 

7 

8 

1 

7 

0.4 

0.1 

2  5 

3 

1 

4 

0 

0 

0 

(dfamaqrostis  canadensis 

2 

2 

0 

2 

0.1 

0 

1  1 

U 

*  Number  of  1  *mX  1  -m  quadrats  in  which  species  occurs  (ol  the  1 0  quadrats  sampled  at  each  site). 

f  Comparing  1978  and  1979  values  with  level  of  significance  indicated. 

**  Density  here  refers  to  number  of  tussocks/m  . 

ft  Seedling  and  tiller  data  not  collected  for  species  other  than  graminoids  (impossible  to  differentiate  between  seedlings  and  sprouts). 

***  Only  site  2  sampled  in 

1973. 

Table  4.  Mean  density  values*  (stalks/m2)  of  flowering  and/or 
fruiting  heads  of  cottongrass  tussocks  (Eriophorum  vagina  turn) 
and  bluejoint  grass  (Calamogrostis  canadensis)  in  mid-July  1978 
and  1979  following  a  July  1977  tundra  fire  in  the  Seward  Peninsula. 


I97S 

/9  79 

Dill,  between 

l  evel  ot 

Mean  Sid,  dci. 

Mean 

sr4.  c/i  i . 

! 978  and  197“ 

siqnitji  am  »■* 

/  tiuphut  urti  i  aa  malum 

Sill-  1 

4.5  4.1 

59.6 

37.6 

55.1 

0.001 

Site  2 

4.5  4.9 

44.9 

5-f.y 

40.4 

0.05 

Si le  3 

5. i  4.7 

22.4 

is. 7 

17.1 

0.2 

Site-  t 

2.0  _>.(> 

22.1 

20.5 

20.1 

0.01 

Site  5 

6.8  8.2 

58.5 

25.7 

St. 7 

0.01 

(  alamaqro sth  <  anode  n\ is 

Site  1 

0.0 

8.0 

8.9 

8.0 

Site  2 

0.0 

i.i 

S.S 

Site  3 

0.0 

4.6 

4.6 

Site  6 

0.0 

5.1 

5.1 

Site  7 

0.0 

74.2 

04. 1 

74.2 

♦Mean  values  for  ten  1-mX  l-m  plots  at  each  of  nine  sites  along  the 
topographic  gradient  of  Nimrod  Hill  ne.n  Imuruh  t  ake. 

1  Tests  of  significant  differences  made  using  a  paired  f-tesi  indicated  bv 
probability  levels. 


of  the  ground  surface,  probably  clue  to  the  melt 
mg  of  ground  ice  This  subsidence  of  the  ground 
surface  around  supporting  rock  columns  result¬ 
ed  in  mounds  and  hummocks  up  to  1  m  high  (f  ig 
91.  which  gave  the  appearance  of  frost-heaved 
rocks 

Groundwater  movement  downslope,  possibly 
from  melting  ice  on  the  backslope.  was  sug¬ 
gested  bv  observations  made  in  July  1979  of  II 
coarse  mineral  loam  of  a  c  olor  and  texture  sug¬ 
gesting  an  origin  ort  the  backslope  which  had 
issued  from  the  tootslope  in  several  areas,  and  7) 
shallow  V-shaped  channels  which  were  begin 
nmg  to  form  on  the  footslope  through  surface 
subsidence  Ac  c  ording  to  Chapin  el  at  (1979)  the 
bright  green  c  olor  of  the  c  ottongrass  tussoc  ks  in 
these  new  drainages  suggests  groundwater  move¬ 
ment 

leg  aiation 

Prior  to  the  1977  fire,  the  hire  h  and  eric  ac  nous 
shrub  tundra  community  on  the  Nimrod  Hill 
backslope  (sites  <>  and  71  was  dominated  bv 
dwart  shrubs  sue  h  as  blueberry,  dwarf  hire  h. 
hngonberrv  and  l  abrador  tea,  b\  ( are\  bigc- 
/own,  and  bv  lichens  such  as  Crtranj  c.c/c  i;//aM. 
(  is/anr/tca.  C  /ar/onra  gracr/rs  and  (  rangiferma 
( 1  able  r>)  On  the  tops  ot  the  well  vegetated,  turl 
banked  frost  boils  within  this  community,  the 
dwarf  shrubs,  alpine-  bearberrv  (Arc .toslaphvlns 


jlpina'l.  crowberry  and  netted  willow  ISa/iv  rebi 
u/afa)  were  dominant  I  xposed  rocks  on  these 
trost  boils  were  covered  with  the  lichens  A/ec- 
toria  nigricans.  (  efrana  cucullata  and  (  /adon/a 
gracilis.  and  the  moss  Rhacomilrmm  lanugmo- 
s um  (Table  r>) 

The  1977  lire  severely  burned  this  hire  h  and 
t-ric  ac  eons  shrub  tundra  c  ommunitv  I  ittlc-  or  no 
resprouting  ot  spec  u-s  present  betore  the  tire  oc 
c  urred  during  the  following  two  vears  Virtually 
all  vegetation  recovery  has  resulted  from  c  olo 
ni/ing  brvophytes,  gramincmls  and  torbs  (I  ig  4| 
One  year  after  the  lire  tile  total  living  plant 
c  over  was  about  14%  and  was  c  (imposed  mainly 
of  seedling  grammoids  (( arex  brge/ow  ii  and 
Iriophonim  vagm, duml  and  brvophytes  |\far 
c  h.inti.i  pah  morph, i  and  (  rr.itodon  purpurouw 
liable  •">,  I  ig  111  In  addition  there  were  small 
colonies  ot  nonllowermg  and  short  stemmed 
bltic-|oint  grass  and  some  scattered  indiv (duals 
ot  fire-weed  The  lops  ot  the  elongate,  tint 
banked  trost  boils  remained  completely  emvege 
talc'd,  with  c  onspit  nous  c  r,n  ks  and  exposed  mm 
eral  soil  and  rot  ks  whic  h  appeared  to  have  been 
trost  churned  (lig  111  I  he  only  plants  on  the 
surtac  es  c>t  these  boils  were  a  lew  individuals  ot 
c  Inc  kweed  |Sf;'//urru  /ongrpesi  \hnn,irli,i  rosy ii 
and  bluc-|oint  grass  at  site  7  |  1  able  “>i 

between  the  first  and  second  veals  following 
the-  lire  there  was  a  large  me  reuse  in  In  mg  plant 
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I- inure  9.  Small  10  S-m-diam  and  0.7-m-high)  mound  in  birch  and  ericaceous  shrub  tundra  community  on 
the  backslope  of  Nimrod  Hill,  probably  resulting  from  subsidence  ol  the  ground  surface  around  rocks. 
Note  tearing  of  the  organic  mat  and  abundant  lireweed  and  bluejoint  grass  Ibackgroundl  and  sedge 
seedlings  I  foreground). 


cover  in  the  non-frost  boil  areas:  from  about 
14%  cover  in  1978,  to  55%  in  1979,  at  both  back- 
slope  sites  (Fig  4,  9,  10  and  12)  This  increased 
cover  was  due  almost  entirely  to  the  growth  and 
expansion  of  the  species  which  colonized  the 
site  during  the  first  year  following  the  fire  (Table 
5,  Fig  11  and  12)  The  moss,  Ceratodon  purpur- 
eus  made  a  400%  increase  from  about  8%  cover 
in  1978  to  40%  cover  in  1979  Expansion, 
through  tillering,  of  the  Carex  bigelowii  seed¬ 
lings,  established  in  1978,  was  also  striking  (Fig  9 
and  10)  There  was  also  a  conspicuous  increase 
in  the  density  and  cover  of  bluejoint  grass  to¬ 
gether  with  increased  height  growth  and  flower¬ 
ing  of  this  species.  Whereas  no  flowering  and/or 
fruiting  stalks  of  bluejoint  grass  were  seen  in 
1978.  almost  all  shoots  were  reproducing  by 
1979  (Table1  4!  Significant  increases  in  the  den¬ 
sity  and  flowering  of  fireweed  also  occurred  dur¬ 
ing  the  second  year  and  a  few  individuals  of 
marsh  fleabane  (Senecio  congestus )  were  present 
for  the  first  time 

In  1979,  the  tops  of  the1  frost  boils  remained 
bare  mineral  soil  and  rock  exc  ept  for  the  slight 


expansion  of  the  chickweed  and  Minuartia  rossii 
populations  at  site  7  Onk  at  site  7  (Table  5)  was 
there  any  evidence  of  the  resprouting  of  the 
dwarf  shrubs  abundant  before  the  fire,  here 
blueberry  showed  a  few  resprouting  shoots  in 
four  plots 

Sedge-shrub  tundra  (site  8  and  9) 


On  the  level,  upland  crest  of  Nimrod  Hill  (site 

8)  and  onto  the  northeast-facing  backslope  (site 

9) ,  the  soil  moisture  environment  is  very  poorly- 
drained  The  only  frost  features  at  sites  8  and  9 
are  low-centered  polygons  on  the  level  hill  crest 
of  site  8  In  pre-fire  1971,  there  was  a  fairly  thick 
accumulation  of  organic  material  at  both  sites. 
10-15  cm  at  site  8  and  20-  10  cm  at  site  9  Muc  h 
of  this  thic  kness  was  attributed  to  the  buildup  of 
Sphagnum  moss  mats  at  both  sites  Burning  at 
these  sites  in  1977  was  quite  patchy  (Fig  11), 
with  the  Sphagnum  moss  mats  generally  remain¬ 
ing  unburned  but  apparently  scorc  hed  and  dead 
as  suggested  by  their  tan  color  and  dryness  two 
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Table  5.  Values  for  species  sampled  in  a  birch  and  ericaceous  shrub  tundra  community  at  site  7  before  and  after  a  tundra  fire  on  Nimrod  Hill  in  the  Seward 
Peninsula,  Alaska. 

Values  given  separately  for  the  topsot  elongate  turf-banked  frost  boils  and  the  surrounding  tundra. 

_ Prefire  f  1973)  _ One  y  rafter  (1978) _ _  _ 1  yrs  after  (19791 

Non-frost  boils  frost  bolls  Non-frost  boils  t  rust  boils  Non-frost  bolls  Frost  boils 


years  titter  the  tire  At  site  9,  there  were  <  h.irred 
,inii  more  deeply  horned  poc  kets  between  moss 
hummocks  where  about  I!  cm  ot  the  organic 
hori/on  remained  I  his  suggested  th.it  the  re 
moval  ot  tile  top  It)  i  m  ot  this  hori/on  was  prob 
abl\  related  to  the  severe  burning  <>t  the  dwarl 
shrubs  in  these  pot  kets  Hurtling  at  site  8  was  ap¬ 
parently  less  severe  but  also  uneven  Post  tire 
determinations  ot  organic  llon/on  thic  kness  var 
ted  trom  IS- It)  cm.  suggesting  the  removal  ot 
from  S-1S  cm  ot  the  organic  hcjri/on 

Thaw  depths  were  significantly  greater  one 
\ear  alter  the  tire  (1978)  than  before  the  tire 
(197  i)  at  site  8  on  the  level  lull  (rest,  having  in 
t  reased  by  7  b  c  m  or  12%  (  I  able  I )  A  further  m 
crease  in  thawing  of  II  r>  cm  (17%)  took  place 
here*  during  the  second  year  following  the  tire 
At  site  9.  on  the  northeast-facing  bac  kslope,  lit¬ 
tle  or  no  inc  rease  in  thaw  depth  was  observed 
over  pre-tire  depths  during  the  first  year  follow¬ 
ing  the  tire  However,  an  increase  ot  II  (>  cm 
(47%)  occurred  during  the  second  year  Rapid 
post  tire  thawing  at  site  9  may  have  been  inhib¬ 
ited  by  the  large  score  hed  Sphagnum  mats 

Vegetation 

Pre  tire  vegetation  (197  1)  at  both  sites  8  and  9 
was  tairlv  similar  in  that  dwarf  shrubs,  sedges 
and  Sphagnum  mosses  were  important  (tables  2 
and  til  However,  the  wetter  level  hilltop  (site  8) 
community  was  dominated  tty  single  stemmed 
sedges  ((  arex  aqualilis  and  Iriophorum  scheuch- 
/en),  while  at  site  9  dwarf  shrubs  were  c  learly 
dominant  ([able  b)  The  presence  of  low-cen¬ 
tered  polygons  and  the-  absence  of  slope  drain 
age  at  site  8  may  at  c  ount  tor  this  shift  in  domin¬ 
ant  e  I  ittle  vegetation  recovery  (less  than  10%) 
occurred  at  either  site  one  year  after  the  tire 
( I  able  2.  I  ig  4)  Most  of  the  dwarf  shrub  spec  tes 
present  before  the  tire  had  started  to  resprout  at 
both  sites,  with  c  loudberry  c  learly  the  most  pro- 
litic  (I  able  b|  (arex  aquatili  s  showed  limited  re 
sprouting  at  both  sites,  while  both  Ceratodon 
purpureas  and  Marchantia  polvmnrpha  were  oc- 
c  asional  at  site  8  and  rare  at  site  9 

In  contrast  with  this  small  first  year  recovery, 
a  larged  S-2S%)  inc  rease  in  plant  c  over  ot  c  urred 
during  the  sec  one!  year  (1979)  as  a  result  of  the 
accelerated  resprouting  of  dwarf  shrubs  at  both 
sites  and  ot  the  sedges  at  site  8  Of  the  shrubs, 
c  loudberry  showed  a  three-  to  five  fold  increase 
in  cover  and  rear  hed  levels  equal  to  those'  be 
fore  the  fire  Blueberry  also  showed  a  more  rapid 
recovery  here*  than  at  other  sites  along  the  tran- 
sec  t  However,  by  far  the  largest  me  rease  in  den 
sitv  and  cover  was  made  by  C arex  aqualilis  (and 


to  a  lesser  extent  /  nophnrum  sc heuch/eri)  at  site 
8  (I  ig  I  1),  whic  h  reae  hed  c  over  values  ot  about 
2  1%,  near  the  pre  lire  level  ot  about  10%  (I  ig  4. 
I  able  b)  Both  dwart  birch  and  blueberry  were' 
tairly  important  at  sites  8  and  9  before  the  tire 
but  showed  little  or  no  resproutmg  during  the 
following  two  years  (  rowberry  was  also  present 
at  both  sites  before  the  fire  but  showed  no  sign 
ot  post  lire  recovery  I  he  dead  Sphagnum  mats, 
apparently  killed  by  the  heat  trom  the  tire  or  by 
the  removal  of  moisture,  also  showed  no  sign  of 
recovery  tew  species,  with  the  exception  of 
c  loudberry,  were  seen  to  resprout  out  of  these 
mats  at  site'  9  I  ireweed  is  the*  only  vasc  ular  plant 
species  at  sites  8  and  9  that  was  not  sampled 
there  before  the  fire 


DISCUSSION  AND  CONCLUSIONS 

I  rom  the  above  results,  it  is  c  lear  that  the  1977 
tire  had  different  effects  on  each  of  the  three 
tundra  communities  located  along  the  slope  of 
Nimrod  Hill  Although  the  results  are  prelimi¬ 
nary  and  based  on  only  two  years  of  post-tire  re- 
c  overy  data,  some  similarities  and  differences 
with  respect  to  the  effects  and  role  of  fire  in 
these  three  communities  can  be  discussed.  Cer¬ 
tain  of  the  c  hanges  resulting  from  fire  along  the 
gradient  of  Nimrod  Hill  are  summarized  in  fig¬ 
ure  14 

The  sedge  tussock-shrub  community  on  the 
footslope  of  Nimrod  Hill  appears  to  have  been 
least  affected  by  the  fire  in  terms  of  the  severity 
of  burning,  change  in  thaw  depths  and  post-fire 
revegetation  The  severity  of  burning  here  was 
light  to  moderate,  and  thaw  depths  did  not  in¬ 
crease  by  more  than  10-1  S  cm  during  the  follow¬ 
ing  two  years  (Fig  14)  Initial  revegetation  fol¬ 
lowing  the  fire  appears  to  be  almost  completely 
due  to  the  vegetative  resprouting  of  the  vascular 
plant  species  present  before  the  fire  Hence, 
much  of  pre-fire  species  composition  is  ap¬ 
parently  restored  fairly  quickly,  although  little 
lichen  and  moss  recovery  has  taken  place  during 
these  first  two  years  The  relative  importance  of 
graminoid  tussocks  over  dwarf  shrubs  has  signifi¬ 
cantly  increased  as  a  result  of  the  fire  This  is 
due  to  the  almost  immediate  post-fire  resprout- 
mg  of  cottongrass  tussocks  in  contrast  with  the 
relatively  slow  resprouting  of  dwarf  shrubs 

A  model  showing  post-fire  successional 
changes  in  tussock-shrub  tundra  is  proposed  in 
Figure  IS  After  some  unknown  interval  of  time, 
the  dwarf  shrubs  and  mosses  would  eventually 
grow  up  around  the  cottongrass  tussocks,  result- 
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Figure  14.  Summarized  fire  effects  and  postfire  recovery  during 
1978  and  1979  from  the  tundra  fire  on  Nimrod  Hill. 


Figure  IS.  Hypothetical  model  showing  changes  in 
vegetation  I growth  forms!,  soil  active  layer  and  organic 
layer  thickness  following  fire  in  tussock-shrub  tundra 
ecosystems. 
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mu  m  t  ht  ■  m'ih'm  i'ni  c  ot  tile  tussocks  and  dim 
mm;  ot  the  ai  tut'  laser  Sui  li  a  sui  i  ussiimal  |im 

i  i'ss  involving  tilt'  buildup  ot  organic  s  (pallid 

itu  ationl  and  bunal  ot  tussoi  ks  has  been  noted 
on  a  lapse  stale  in  tile  Sew. ml  IVmnsulu  tl  top 
kills  pf'J  Kat  me  anti  Antleison  Melt  luoi 

l‘HO|  |ne  would  prevent  sut  li  t  oiulitioiis  Irom 
dev eloping  in  lussot  k  shrub  tundra  thiough  re 
nioval  ot  some  ot  the  vegetation  and  organic  soil 
troni  around  lussot  ks 

I  rust  at  Poll  leading  to  the  lornialion  ot  mud 
t  in  les  in  tussoi  k  shrub  tundra,  would  also  pro 
mote  v  morons  lussot  ks  In  disrupting  the  op;. in 

ii  mat  and  the  mosses  as  well  .is  the  dwail 
shrubs  growing  up  around  them  Stud  t  in  les  i  an 
serve  as  a  substrate  tor  the  establishment  ot  new 
t  nttungrass  tussoi  ks  (Hopkins  and  Sigaloos 
I 'll  ft  Ivulenie  obtained  on  Nimrod  Mill  sin; 
nests  that  tire  may  stimulate  trust  at  lion,  lead 
mi;  to  mud  <  iri  le  formation,  in  1*17  i.  extensive 
probing  in  the  tussoi  k  shrub  t  oiiiniuiiily  sin; 
gested  that  the  summer  active  layer  rarely 
reai  her)  into  the  mineral  soil  (condition  on  the 
right  in  I  ig  1  ■> )  However,  by  t'l/b,  two  years 
alter  the  tire,  thawing  a[)|>eared  to  extend  below 
the  organic  hori/on  into  the  mineral  soil  hori¬ 
zons  |c  undition  on  the  If  ft  in  I  ig  lr>)  I  his  would 
promote  the  formation  ot  it  e  lenses  in  the  miner 
al  soil  during  freeze  thaw  i  vi  les  so  that  the 
physical  movement  and  churning  net  cssary  lor 
troxt  at  tion  would  be  possible 

I  he  post-tire  origin  of  resprouting  dvv.irl 
shrubs  is  presumably  stems,  roots,  and  or  rlu 
/unit's  buried  in  the  remaining  organic  soil  layer 
Dwarf  shrub  species  showed  differential  re¬ 
sprouting  rates  following  the  tire  on  Nimrod  Hill 
These  differences  might  be  related  to  file  depth 
or  location  ot  their  underground  stems  or  roots 
in  relation  to  the  severity  of  burning  Dwart 
shrubs  vvhu  ll  penetrate  deep  into  the  organic 
mat  or  grow  into  the  tussoi  k  mass  might  esi  ape 
fire  and  rei  over  taster  than  those  nearer  the  stir 
fat  e 

Shaver  and  Cutler  (l<>7‘>)  have  determined  the 
vertical  distribution  ot  biomass  above  and 
belowground  for  different  species  in  tussock- 
shrub  tundras  in  various  parts  of  Alaska,  they 
found  for  example  that  i  rowberrv  and  lingon 
berry  have  most  of  their  below  ground  biomass 
located  near  the  surface  In  the  Seward  I’enin 
sula,  we  found  no  evident  e  ot  rei  overy  ot  i  row 
berry  m  2  or  7-year-old  burns  I  ingoriberrv  re 
sprouted  abundantly  but  these  sprouts  were 
almost  always  Im  ated  on  the  surfai  e  or  sides  ot 
tussocks  (K  Devereaux,  Hampshire  College, 


Amheist  Mass  pcisonal  i  omniumt  at  ion),  sug 
gestmg  that  they  esi  aped  burning  within  the  Ins 
soi  k  mass  In  the  sedge  shfub  tundi.i  i  omnium 
ly  at  sites  ft  and  'l  on  Nunioil  Hill,  where  ilieie 
are  no  tussocks  Imgcmheiis  was  abundant 
helore  the  tile  but  showed  little  post  pie  to 
sprouting  Vigorous  post  tire  icspmutcrs  sui  h  as 
I  abradoi  tea  and  i  loudberry  have  a  high  piupoi 
lion  ot  their  biomass  ill  the  deeper  soil  olganii 
layers  tshayer  and  (  utler  l‘)7(i  I  linn  and  Went 
I  '177 1 

I  ue  had  the  most  drastu  oltei  Is  on  the  bin  h 
and  eru  ai  eons  shrub  tundra  i  oniiiiimity  lot  ated 
on  the  bettei  drained  bat  kxlope  ot  Nimrod  Hill 
I  lie  severity  ot  burning  was  moderate  to  heavy 
with  thaw  depths  increasing  greatly  in  the  first 
year  I  ol  low  mg  the  I  ire,  hy  the  seiond  year  then' 
was  evident  c  ot  surtac  e  subsideni  e  and  the  tor 
illation  ot  humnioc  ks  where  there  were  support 
mg  roi  k  columns  Transport  ot  mineful  soil  hy 
groundwater  moving  downslnpe  Irom  this  area 
may  result  in  i  hanges  in  slope  topography 
Mac  kay  (l'!77)  reported  that  a  burned  hdlslopc 
al  I  mi y  i k  (N  \\  I  )  subsided  nearly  TO  i  m  during 
the  tt  years  following  a  1‘Nih  fire  Cody  (1‘tti-tl 
described  similar  suhsuleiic  e  and  tormation  ot 
hiimmoi  kv  terrain  i  years  utter  a  taiga  tire  in  the 
Mac  ken/ie  Delta 

Vegetation  recovery  ill  this  burned  biri  li  and 
eru  ai  eons  shrub  community  is  different  troni 
that  in  either  ot  the  other  communities,  all  re 
generation  appears  to  he  from  seed  by  spei  ies  ot 
minor  important  e  in  the  pre-lire  community 
rather  than  Irom  the  resproutiilg  ot  spec  ies  ahull 
if .1  n t  helore  the  tire  I  he  struc  lure  and  i  ompos 
lion  of  this  community  appear  to  have  been 
i  hanged  drastu  ally  by  the  I  ire  I  he  dw  art  shrubs 
whiili  were  dominant  before  the  fire  have  1 ■  1 1 
repl.u  ed  bv  grummoid  sedges,  grasses  and  sey  er 
al  (orbs  Sue  c  essionul  brvoplivles  have  also 
lilayed  an  ini|iortanf  role  in  post  tire  vegetation 
recovery  in  this  hue  kslope  community,  unlike 
their  minor  role  in  the  other  tussoi  k-  shrub  and 
sedge-shrub  communities  ll  might  be  argued 
that  these  cbttereni  es  are  due  to  the  greater  sey 
entv  ot  burning  ot  this  partu  ular  i  ommunitv  on 
Nimrod  Hill  However,  observation  and  aerial  re 
c  onnaissanc  e  over  much  of  the  1  '*77  burn  sug 
gest  that  the  birch  and  erii  Ui  eons  shrub  tundra 
c  omniunitv  consistently  burns  more  severely 
bei  a  use  ot  ifs  more  xeru  topographic  position 
and  the  absem  e  ol  tire  resistant  tussoi  ks 

What  is  the  origin  ol  the  seed  tor  the  seedling 
revegetntioii  ot  the  burned  bin  h  and  eru  ai  eoii' 
shrub  community'  I  lirce  possible  origins  in 


t  1  lull  *  I  I  seeds  limit'd  ill  flu*  or^.illlc  soil  l.iyets 
whuli  » 1 1 1  *  i 1  \  |  it  >sed  I  >  v  Ini'  Ji  seeds  dispersed 
onto  t tit-  hum  iinnu*di.itrl\  lolinumn  !m*  h\ 
[iLmls  *  »v\  uiLi  m  »id|.u  uni  unfuimcd  fundi,  i  .mil 
M’cils  |>u>du<  rd  in  fhu  humi  d  ,m\i  h\  tin- 
.ihund.mt  I Imu'iiiu;  sf iniulut »*d  h\  I m*  I  Ins  thud 
m'UM  u  in  dist  ounfud  us  .in  miti.il  seed  soun  e  h«* 

(  .him*  neither  t  t it f < uii^i ,iss  fuNMH  ks  nor  hlu**|t*inf 
^Mnn  tlouurrd  ulnmd.mtk  unlil  flu*  m*<  oiul  ye. it 
follow  flu*  In”"  tin-  \\  •  •  h.ivi*  no  d.it.i  to  test 
tlu*  si *i  ond  In  polhusis  |  lu*n*  is  sonu*  n*t  out  « ■  v  i 
drill  r  fo  support  thr  hmird  M*»*d  or  114 in  M<  (  u.iu 
!  Iirn|  deter mmrd  (hut  .1  l.inje  vuble  sivd  h.mk 
I  *  J  si'cds  nr  1  Utts  1  ont.unrd  in  tlu*  oi^.mu 
horizon  <>t  u  lussoi  k  shtuh  lundr.i  i  ouimunilv  in 
intrrior  Ahisku  Surds  of  1 1 n >f)iu>rum  \  uni 

and  (  <rre\  /nttu/ow //  r  omprised  M)%  of  this  lot.il 
and  thrsr  srrds  were  .it  depths  greater  ih.tn  IS 
i  m  with  (  «irr\  srrd  density  d  1  tu.illv  int  re.isitik’ 
with  depth  in  thr  or^mii  rn.if  Ilnur,  thr  rela 
tnrK  drrpls  buned  seed  hunk  ot  thrsr  two 
srdur  spri  irs  would  hr  nv.iilnhlr  tor  ret  olom/ 
iru»  r\rit  t.urlv  severely  burned  areas  sui  h  .is 
flu  we  on  the  Nimrod  Mill  luu  hslope 

In  the  M‘di>e  shrub  <  oiimmmt\  on  the  (rest 
.mil  northeast  l,t<  mu  b.n  kUr>|>e  ol  Nimrod  Mill 
both  the  severits  ot  hurmnu  .mil  the  post  tire  re 
veuetation  were  inhibited  bv  the  presem  e  ot 
Sfih.iunnni  moss  mats  Although  these  mats  did 
not  burn,  the\  appear  to  have  been  killed  b\  the 
tire  I  hese  \f)h,innum  mats  have  undoubtedlv  re 
dm  ed  the  rate  ot  in.  rease  in  the  tin.  kness  o|  the 
ai  live  laver  Vegetation  reioverv  in  the  sedjjc 
shrub  tundra  i  ommnnitv  has  pro.  ceded  hv  veye 
tative  resproutinu  ol  spec  u-s  present  betore  the 
tire  hut  at  a  slower  rate  than  in  the  tusso.  k 
shrub  tundra  <  nmmumtv  I  evv  shoots  |c\<  epi  lor 
r  loutlberrv  I  appear  to  yrovv  out  ol  the  dead 
S ph.nunim  mats  However  as  m  both  ol  the 
other  burned  ((immunities  on  Nimrod  Mill,  sed 
yes  appear  to  have  been  stimulated  In  the  lire, 
arid  are  resproulinu  earlier  Ilian  dwarl  shrubs 
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